).
from infectious findings [3] [4] [5] and that this complication frequently delays the important early phase of rehabilitation.
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Diagnosis has to be made quickly, and treatment must be as efficient and as little invasive as possible to enable the patient to return to standard rehabilitation protocol immediately.
Although the cornerstones of treatment are widely accepted-arthroscopy or arthrotomy with synovial irrigation and debridement (I&D) as well as systemic antibioticsthere is still no consensus about detailed, validated treatment algorithms. The length of antibiotic therapy ranges from 5 to 90 days, and depending on clinical findings and biomarker levels, repeated irrigations after 48 to 72 hours are considered. 2, 7 Occasionally, a graft removal is necessary, which increases the treatment duration and may lead to further reconstructive procedures and impaired functional outcome. 1 We hypothesized that effective infection therapy and reliable graft preservation is possible following a standard protocol consisting of at least three arthroscopic lavages and debridements of the anterior and posterior joint compartments over three incisions, and targeted antibiotic therapy over a period of 6 weeks. Furthermore, we present the clinical and biomarker findings, as well as the bacterial spectrum and clinical outcomes of a large series of patients with knee infections following ACL reconstruction surgery.
Materials and Methods
We analyzed patients who were referred to our specialized center for joint surgery with symptoms of knee infection after ACL reconstruction between January 2010 and December 2012 in a retrospective cohort study. Patients who were treated for ACL infections were prospectively listed in a table by the head of joint surgery department, and detailed data were collected retrospectively from the electronic hospital information system. The ethics committee of the University Witten/Herdecke approved the study protocol.
Depending on their exact medical history, all patients presenting with increasing pain, increasing swelling, increasing limitations of knee function, and at least one common sign of infection (temperature >38°C, local hyperthermia of the knee, shivering, and malaise) after ACL reconstruction were considered as cases of infections and included. Patients were excluded from this study if they had decreasing or stable levels of pain, swelling and limitations of knee function, or no common sign of infection as mentioned previously.
Following a standard protocol (►Fig. 1), blood samples for the evaluation of C-reactive protein (CRP) levels and leucocyte count were drawn. A diagnostic aspiration of synovial fluid for macroscopic examination and for microbiological testing in an anaerobic and aerobic blood culture bottle (Bactec) was performed. Additionally, plain radiographs of the knee in two planes were taken.
Furthermore, one senior surgeon performed an arthroscopic lavage and debridement of the anterior and posterior joint compartments using an anteromedial, anterolateral, and posteromedial arthroscopic access within 24 hours after admission. No perioperative antibiotic prophylaxis was administered. The procedure was repeated with a 20-day interval between each operation until no arthroscopic signs of infection according to Gaechter's classification 8 (purulent synovial fluid, infectious affections of the synovialike thickening, reddening, petechial bleedings, fibrin layers) were evident during surgery, but at least two times, which means each patient underwent at least three operative interventions. All patients received nonsteroidal anti-inflammatory drugs (NSAIDs) following a standard protocol (ibuprofen 600 mg every 6 hours, or metamizole 500 mg every 6 hours in case of renal disease). Calculated antibiotic therapy with gram-positive coverage in recommended dosage for grampositive bacteria was started immediately after initial surgery. Targeted therapy was administered as soon as microbiological data were available and lasted 6 weeks. During follow-up treatment, weight load was not applied to the affected knee until the last surgery was completed. Afterward, weight-bearing with 20% of bodyweight and free range of motion, supported by a continuous passive motion device, was performed. Depending on the decline of inflammation, patients returned to their usual post-ACL follow-up treatment plan as soon as possible. They started the excercise plan, at the stage it was interrupted, when it came to the joint infection.
For bacterial identification and resistance testing, the VITEK 2 System (bioMérieux Inc.) was used and blood cultures were cultivated in the Bactec System (Becton Dickinson). All samples were cultured for 14 days.
For further analysis, medical records and operative reports were retrospectively analyzed. Demographic data and specific surgical details of the index ACL procedure, as well as clinical presentation at the time of first revision surgery, type and onset of symptoms, laboratory parameters (CRP, white blood cell counts), time to arthroscopic I&D, number of revisions, type of antibiotics used, bacteria detected in microbiological testing, and graft retention or removal were obtained. The Gaechter classification was used to categorize joint damage, 8 and infections were divided into acute infections if they occurred within the first 2 weeks, subacute infections if they occurred between 2 weeks and 2 months, and late infections if they occurred more than 2 months after ACL reconstruction. Follow-up examination was performed by a senior surgeon who assessed function and knee joint stability using the Lachman and pivot shift tests. Any range of motion with a flexion of less than 140 degrees and without full extension was referred to as "limitation of joint function." Statistical analysis was performed using Microsoft Excel. Descriptive results are demonstrated as mean and standard deviation. Two-tailed t-test was used for the comparison between infections with high-and low-virulent pathogens. The significance level was set to 0.05.
Results

Patients
Forty-one patients (32 males, 9 females) aged 31 ( AE 9.9) years were included, of which 18 had ACL reconstruction in our department. Two patients were adipose with a body mass index above 30. One was suffering from diabetes mellitus type 2 and one from depression. Another patient was suffering from glomerulonephritis and Hashimotò s thyroiditis and was adipose.
In 38 patients, hamstring autografts were used for ACL reconstruction; three patients received a quadriceps tendon autograft (►Table 1). Fixation was managed using tibial, bioresorbable interference screws and femoral endobuttons. Nineteen patients had additional meniscus surgery during ACL reconstruction. Ten of those patients had partial meniscectomies. Nine had suture refixations. Mean number of operations for infection treatment was 3.8 ( AE 1.4), mean length of hospital stay for infection treatment was 13 ( AE 2) days, and mean observation period after onset of joint infection treatment was 10 ( AE 7) months (minimum: 6 months; maximum: 31 months).
Clinical Presentation
All infections were acute or subacute. Average time between the ACL reconstruction index procedure and the time of readmission was 14 ( AE 7.5) days. At the time of readmission, all patients reported increasing pain, increasing swelling, and increasing limitations of the knee joint function. Thirty-eight patients had local hyperthermia of their knee, and in 38 patients, body temperature was slightly elevated (37-38.3°C). All patients showed at least one of those two symptoms. Thirty-six of the patients were suffering from malaise (►Table 1). One patient needed to be admitted to the intensive care unit due to septic coagulopathy.
Diagnostics
Elevated CRP values (126 AE 66 mg/L) were present in all cases, whereas only 11 patients showed elevated white blood cell counts (9.1 AE 3/nL) in blood samples. Twenty-four patients were classified as Gaechter stage 1, 15 as Gaechter stage 2, and 2 as stage 3 knee joint infections (►Table 1). No joint was classified as Gaechter 4. Thus, all patients showed signs of infection during the diagnostic part of arthroscopy and were considered as knee joint infections following the Centers for Disease Control and Prevention definition (clinical symptoms of infection þ positive imaging test).
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In all but three cases synovial fluid samples could be aspirated. In those three patients, aspiration was not possible due to cannula clotting. Qualitative, macroscopic synovial fluid analysis showed purulent fluid in 35 cases and bloody fluid in 3 cases. Blood culture analysis of the synovial fluid identified bacteria in 34 of 38 patients. Although the standard protocol did not require synovial fluid swabs, samples were taken from 19 patients. Bacteria could only be identified in nine of those cases.
Microbiology
Forty-one pathogens were isolated among the 41 study patients, whereby 7 patients had an infection with two different bacterial species and in 7 patients no bacteria could be detected. Coagulase-negative staphylococci (COSTs) were found most commonly (►Fig. 2). Thirty-one COST isolates were found in 28 patients. Three patients had an infection with two different COSTs. Twenty-four COST isolates were resistant against all β-lactam antibiotics, and 21 additionally showed resistances against one to five other antibiotic substance classes. Thus, prevalence of methicillin resistance among the identified COST in our population was 77% (►Fig. 3). Staphylococcus aureus was isolated in three, gramnegative strains in five, and Propionibacterium acnes in two cases. In eight cases, high-virulent bacteria (S. aureus and gramnegative rods) were detected. Both patients with Gaechter 
S. capitis
Adiposity, glomerulonephritis, Hashimo- 
Antibiotics
Quinolones were the most commonly used antibiotics. They were administered in 28 cases during calculated and targeted therapy (►Figs. 4 and 5). Thirteen patients received a combination of two different antibiotics. Quinolones and rifampicin were the most commonly used combination.
Outcome and Graft Preservation
Completing the aforementioned standard therapy protocol, knee joint infection could be treated successfully in 37 of 41 patients. In these cases, no recurrence of infection was observed, the graft was preserved, and only arthroscopic surgical treatment was performed. However, minor limitations of the knee joint function in one of these cases and anterior joint instabilities in four cases were observed. In two patients, the knee joint infection relapsed. One patient was readmitted 5 weeks and the other 3 weeks after hospital discharge of the first stay for knee joint infection treatment. Both cases had shown a subacute infection with COST detection. During the relapse, a COST was identified again in one of the patients. No bacteria were found in the other case. Those patients were treated with the same pattern described previously again and achieved full range of motion and joint stability after 6 and 24 months, respectively. One patient with Gaechter stage 3 needed an arthrotomy due to deep infection of the synovia and the joint capsule by S. aureus. This 39-year-old patient was suffering from depression. Noncompliance was not suspected. Removal of the ACL graft and fixation hardware was necessary in only one case. The patient was suffering from diabetes mellitus and Gaechter stage 3 arthritis. The autografts and hardware could be preserved in all other cases.
No further clinical complications due to surgery or antibiotic therapy were detected.
Discussion
Following our standard protocol consisting of at least three subsequent arthroscopic I&D and 6 weeks of targeted antibiotic therapy, primarily successful infection treatment with graft preservation was possible in 37 of the included 41 patients. One patient needed an arthrotomy, and two patients were repeatedly treated with arthroscopic I&D and antibiotics because of an infectious relapse. In one case, the graft had to be removed. This patient was suffering from diabetes mellitus and Gaechter stage 3 arthritis, whereas in all but one of the other patients, a Gaechter stage 1 or 2 arthritis was diagnosed. Thus, we achieved graft preservation in 100% of Gaechter stage 1 and 2 arthritis. The applied treatment algorithm provides an easy-toaccomplish, standardized treatment protocol, allowing patients to return to the standard ACL reconstruction rehabilitation process and achieving satisfactory results concerning graft preservation, as well as knee joint stability and knee joint function. A recent meta-analysis found a graft preservation rate of 86% considering the results of 147 patients.
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Data of 16 studies were pooled, of which the largest one included 27 patients. No specific information about the severity of joint space infection was given.
In our study population, knee joint infection after ACL reconstructions presented as an acute infection around 2 weeks after ACL reconstruction with local and systemic inflammatory response. These findings correspond with the existent literature, illustrating the occurrence of most knee joint infections during the first two postoperative months after reconstruction.
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malaise (36 cases), local hyperthermia (38 cases), and elevated body temperature (38 cases) during initial examination, all patients showed symptoms of increasing pain, increasing swelling, and increasing impaired joint function.
Regarding the clinical presentation, no differences between the detected pathogens could be recognized. In individual cases, it is particularly difficult to distinguish usual postoperative from infectious findings as fever, malaise, joint pain, reddening, swelling, and hyperthermia are typical and at the same time nonspecific changes after ACL surgery. However, considering our results, those general signs of infection have to lead to further diagnostic steps in the first week after ACL reconstruction. Beside symptomatic findings, conspicuous synovial fluid after joint tab as well as elevated CRP values were detected in all patients, whereas only 11 had an alteration of white blood cell count. With sensitivity values around 92% in knee joint infections following ACL reconstruction, 6 CRP constitutes an important component in diagnostics. The typical course of CRP values in this setting shows an elevation on the first postoperative day, which peaks on day 3 and declines significantly until day 7. It returns to baseline level around day 30, 11 whereas complete normalization time may vary between 2 and 12 weeks interindividually.
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A recent study by Wang et al tried to differentiate inflammation from infection using the CRP value. 13 In their retrospective analysis of 83 patients without and 39 patients with infection after ACL reconstruction, they identified CRP as being more sensitive and specific compared with erythrocyte sedimentation rate. A CRP threshold of 41 mg/L for septic arthritis showed a sensitivity of 94.1% and a specificity 97.6% in the acute postoperative phase. In our patient population, the mean CRP was 126 AE 66 mg/L, including five cases with CRP levels lower than 41 mg/L (patients 8, 16, 25, 28, and 31 in ►Table 1). In all of those patients, clinical and arthroscopic findings indicated an infection, and in four patients, pathogens were isolated. Either we misjudged normal postoperative changes and blood culture bottles were contaminated, or the threshold might have to be reconsidered. In the course of this study, we were able to aspirate synovial fluid in 38 of 41 patients. During microbiological diagnostics, which was accomplished in blood culture flasks, pathogens were isolated in 34 of those 38 cases. This high rate of bacterial detections and the method's easy and standardized handling make the bottles a useful diagnostic tool in ACL infections. However, especially in prosthetic joint infections, reliability of synovial fluid culture is controversial as sensitivity ranges between 5 and 92%.
14, 15 The diagnostic gold standard for septic knee arthritis is joint aspirate analysis including white blood cell count and aerobic and anaerobic cultures.
2 But different cutoffs for leucocyte levels have been reported in the special setting of early postoperative arthritis. 1, 2, 12 At the moment, there is no consensus on a specific number, but during the analysis of five case series, an average number of 82,684 was found in confirmed cases of septic arthritis after ACL reconstruction surgery. 2 The same group found positive aspirate cultures in 71.4% of cases during the analysis of nine case series.
Our bacteriological results again highlight the importance of a local surveillance system for the optimization of antibiotic therapy. Staphylococci were the most isolated species in our study, whereby COSTs were more common than S. aureus. These findings are generally in line with other publications, although the proportion of S. aureus differs between the cohorts. 1, [16] [17] [18] The prevalence of COSTs was 65%, entailing methicillin resistance in 77% of those cases. Less frequently, gram-negative bacteria were detected in 10% of our patient population. In consequence of our findings, calculated antibiotic treatment was changed to vancomycin and ceftriaxone in our institution. With regard to time between primary/revision surgery and the number of needed revisions, no significant differences between low-and high-virulent pathogens were detected. However, both patients with Gaechter stage 3 were infected with high-virulent bacteria.
But considering the low number of included patients with Gaechter 3 and 4 arthritis, the impact of this finding remains unclear. Our results indicate that in a post-ACL reconstruction setting, low-virulent bacteria such as COSTs are able to induce acute joint infections with acute local and systemic signs as mentioned previously.
We did not administer antibiotics before arthroscopy but immediately afterward. Early onset of antibiotic treatment seems to play an important role in cartilage protection as animal model results suggest a time slot of 12 hours between onset of symptoms and first antibiotic application to minimize cartilage damage. 13 But use of antibiotic agents before samples for microbiological evaluation were taken may impair bacterial identification and therefore targeted therapy in the setting of ACL infection. In this study, the most commonly used antibiotic agents were quinolones, a substance class that is bactericidal and offers a good soft tissue penetration. [19] [20] [21] The length of antibiotic therapy is controversial and ranges from 5 to 90 days. 7, 19 With 6 weeks of antibiotic treatment, we chose a relatively long administration period. Recently, approaches for a more individualized duration of antibiotic treatment based on CRP level were made, revealing a mean treatment period of 5.4 AE 2.3 weeks, 16 which is very close to our interval. Our study has various limitations. Besides the retrospective design and the rather short observational period, we did not perform a consideration of the outcome with a validated score.
Furthermore, inflammatory host response plays an important role in joint damage during septic arthritis.
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Once a joint infection has been established, there are two main mechanisms of infectious tissue damage, especially cartilage damage. One is the secretion of toxins by the pathogens itself. Staphylococci are the most commonly involved bacteria after ACL reconstruction 17 and are known for toxin production. 12 But the main reason for cartilage destruction seems to be the inflammatory host response to infection. 22 Thus, the use of NSAIDs, which all patients received in our study and which reduce the inflammatory response, may have had a positive impact on the outcome, but it was not systematically considered in our work. With 95% successful primary and 100% secondary infection treatment, and full range of motion and joint stability in 88% of the cases, the outcome in our cohort is rather good. However, it has to be taken into consideration that mainly patients with Gaechter stage 1 and 2 were treated. As is known, outcomes for Gaechter stage 3 and 4 are usually worse.
23 This is in line with our findings because the only case in which graft removal was necessary was a Gaechter stage 3 arthritis. Furthermore, the most frequent pathogens were COSTs, but the treatment of S. aureus might have been less successful.
24,25
Another question is if our treatment concept is too aggressive. We performed at least three arthroscopic I&D (3.8 AE 1.4), and the duration of antibiotic treatment was 6 weeks. It is unclear whether we would have been able to achieve the same results with fewer operations. Further research is needed to work out benchmarks and thresholds. Literature reveals the performance of 2.4 arthroscopic procedures before infection was cleared, 1 though infections with S. aureus and age < 25 years are associated risk factors for a higher number of operations during post-ACL reconstruction infection treatment. 12 Thus, one interesting question for future observations is whether we need age-and pathogen-adapted treatment concepts in this entity. Another group achieved primary eradication of pathogens in 97% of 36 patients with 2.25 ( AE 1.22) arthroscopic surgical procedures and an average antibiotic treatment period of 5.4 ( AE 2.3) weeks. 16 In their setting, S. aureus was isolated in seven patients (21.9%), and additionally, Enterobacter cloacae were detected in one case (3.1%). Thus, good results are presented despite a relatively high proportion of aggressive bacteria, and, although not differing substantially, fewer surgeries and a shorter duration of antibiotic therapy were needed. Therapy was adjusted individually based on clinical findings and biomarker levels (CRP). This approach mandatorily requires closely monitored patients, which may not always be possible especially in outpatients. Recently, another study that analyzed 30 patients with septic arthritis after ACL reconstruction was published and reported a 100% cure rate with arthroscopic debridement and an individualized antibiotic therapy, which led to a broad range of treatment duration (14-78 days; median: 23.5 days). 18 Staphylococcus aureus was isolated in 12 (40%) and gram-negative bacilli in 2 (7%) patients. Nevertheless, results after I&D and antibiotic therapy are highly variable, as pointed out by a systematic review that included 11 case series. 17 Cure rates between 0 and 100% are published.
Overall success rates for septic arthritis was 85.5%, and average number of I&D was 1.51 (range: 1-4). 17 Again, the number of I&Ds was determined based on clinical and laboratory findings, and the practice of routine repeated I&D was not evident in the included studies. Multiple I&Ds were necessary in 34.5% of patients. Clear criteria when I&Ds have to be repeated are not defined, and the decision-making depends on the skills and experience of the surgeon. General risks and the required resources of an additional surgery must be properly weighed against the risk of persistent infection and cartilage damage in every case. In this study, we present an effective, easy-to-perform, and safe standard treatment protocol for a rare complication, which may be helpful especially for less experienced centers.
Conclusions
In our study population, knee joint infection after ACL reconstruction presented as an acute event with local and systemic symptoms. Analysis of synovial fluid in blood culture bottles was a useful diagnostic tool. Beta-lactam resistant COSTs were the predominantly isolated pathogens. The most commonly used antibiotics were quinolones. Following our standard protocol consisting of at least three subsequent arthroscopic I&Ds and 6 weeks of targeted antibiotic therapy, primary successful infection treatment with graft preservation was possible in 37 of the included 41 patients (90%). Graft preservation was achieved in 100% of the included patients with Gaechter stage 1 and 2 infections.
